Abstract. In this study, CrTiAlN and CrAlN coatings were deposited on the surfaces of M2 high speed steel (HSS) substrates. High temperature ball-on-disc tribometer was used to test the tribological properties of the coatings. The results showed that，the surface micro-morphology of CrTiAlN and CrAlN presented closely packed structure with relatively uniform grains of circular shape and the cross-sectional morphology demonstrated columnar structures. XRD studies revealed that the coatings mainly consist of CrN, Cr and Cr 2 N crystal phases. High temperature wear tests illustrated from room temperature to 600˚C, friction coefficients of CrTiAlN and CrAlN coatings increased at first and then decreased with the temperature elevated and the wear rate of the two coatings increased as the temperature rose. Besides, the wear rate of CrAlN coating was greater than CrTiAlN coating at the same temperature.
Introduction
M2 high speed steel is a kind of tool steel with high hardness, wear resistance, heat resistance and favorable combining performance of strength and toughness. It has been widely used as cutting tools materials in machining since it was born. With the development of modern cutting technology, the cutting speed is getting faster and faster and the performance requirement of cutting tool is also getting higher and higher. In recent decades, with the development of modern science and technology, research of surface coating technology and materials has made rapid development. Surface coating technology is a cross technology involving materials, chemistry, physics and other subjects. It is an important method for surface modification of materials. It has been widely used in the fields such as semiconductor, instrument, space, nuclear energy and mechanics [1] [2] [3] . Using the physical, chemical vapor deposition or other methods to form a kind of refractory metal hard coating (such as CrN, TiN, etc.) or nonmetallic compound soft coating (such as MoS 2 , etc.) with excellent wear-resistant, high temperature resistance or other special properties on the tool and die surfaces has been drawn people's attention [4] [5] [6] . Based on the TiN hard coating, CrTiAlN coating and CrAlN coating were prepared by Al, Cr and Ti targets on the M2 high speed steel substrates, and the microstructure of the coating, high temperature friction and wear properties were studied in this work.
Experimental materials and methods
M2 high speed steel is used as the substrate material (hardness is about 60HRC). In order to ensure the adhesion between the film and substrate, we polished the specimens surface with different grades of water sandpapers and the samples were polished to the surface roughness Ra is less than or equal to 0.5um on the polishing machine with diamond polishing slurry. In order to remove the surface oil pollution and other impurities, the polished steel and silicon wafers were ultrasonically cleaned using acetone and ethanol in proper sequence. The cleaned samples were placed in a vacuum oven and stayed to be used in the experiment after they were completely dry. The coating morphology was observed by ΣIGMA type field emission scanning electron microscope (FESEM). The sample which has a scratch 5th International Conference on Advanced Design and Manufacturing Engineering (ICADME 2015) from the backward to the near surface was cooled down in liquid nitrogen and then broken in half. The cross-sectional morphology of the specimen and the coating thickness were examined by electron microscope. Bruker Nano XFlash Detector 5010 Spectrometer which is the attachment of FESEM was used to determine chemical composition of the coatings. The hardness of the coating was evaluated using the Rockwell hardness tester. In order to reduce the error, each sample was measured 5 times and then we took the average value.
Wear tests of the coated and uncoated specimens were performed on a ball-on-disc tribometer HT-600 under the setting load and rotating speed while the specimen was fixed on the rotating sample table and the experimental data such as testing temperature, load and friction coefficient were collected by the master computer.
The tests were conducted with no lubricant along a circular track of 6 mm diameter against a 4 mm diameter WC ball at 350r/min under the normal load of 10N in the ambient atmosphere and 50% relative humidity. Experiments were carried out at room temperature, 200˚C, 400˚Cand 600˚Crespectively.
Experimental results and analysis

Microstructure and chemical composition of the coatings
The surface morphology of the composite CrTiAlN coating is shown in Figure 1 (a). It can be seen that the surface of the coating presented closely packed structure with relatively uniform grains of circular shape and the average size of the grains was about 150nm . Fig 1(b) is a cross-sectional morphology of CrTiAlN coating, it is observed that this coating had an analogous columnar morphology and the columnar crystals were arranged densely and performed without obvious pores and defects. In addition, fine crystalline structure can be observed at the region close to the substrate, which ensures a good adhesion between the coating and the substrate. Figure 3 and Figure 4 . There was only a little spot flaking and circumferential cracks around the indentation in Figure 3 (a). Figure 3 (b) appeared more flaking, but not throughout the entire indentation. This phenomenon illustrates that the adhesion between CrTiAlN coating and M2 high speed steel is still good even after oxidation at high temperature 600˚C for one hour. A small amount of radial cracks, circumferential cracks, and point like spalling occurred around the indentation in Figure  4 (a). In Figure 4(b) , massive circumferential cracks around the entire indentation were found. This suggests that after high temperature oxidation at 600˚C for 1h, there appears massive spalling at the edge of the indentation, which shows that the combination of CrAlN coating and M2 high speed steel substrate has been poor. Analysis of high-temperature tribological behaviors Figure 5 shows the friction coefficient is function of time. We can see that temperature has a great influence on the friction coefficient of the coatings. The friction process of the coating had experienced two stages of running and stability. At the running stage, the friction coefficient of the films increased rapidly due to the initial surface of the coating had a certain degree of roughness, as the experiment proceeded, the contiguous surface between the coating and the grinding ball became smooth and the oxides produced by the oxidation on the surface of the coating were beneficial to the wear, so the friction coefficient began to decline. At last, the friction process reached a stable stage when the friction system reached equilibrium. In General, the friction coefficients of the two coatings both were relatively small at room temperature. But they fluctuated greatly at high temperature, which illustrated that with increase of temperature, the instability factors between the coating and the grinding ball increased. It is obvious that the friction coefficients of the two coatings increased from 23˚C to 400˚C but decreased at 600˚C, because the oxide coatings formed on the surface of the films at high temperature were beneficial to the wear. High-temperature tribological properties of CrTiAlN are better than CrAlN. This is due to the addition of Ti element makes it possible to produce more oxides on the surface of substrate at high temperature. 
Conclusions
(1)The surface morphology of the CrTiAlN and CrAlN coatings were presented closely packed structure with relatively uniform grains of circular shape. And the average size of the grains for CrTiAlN was about 150nm. Cross-sectional morphology of the two coatings had an analogous columnar morphology and the columnar crystals were arranged densely and performed with no obvious pores and defects. In addition, the fine crystalline structure can be observed near the substrate area for CrTiAlN which ensures a good adhesion between the coating and substrate. (2) From room temperature 23˚C to 400˚C, the friction coefficients of CrTiAlN and CrAlN coatings both increased, but they decreased at 600˚C. It is because that the oxide coatings formed on the surface at high temperature were beneficial to the wear. At room temperature, the friction coefficient curves of the two kinds of coatings were smooth, but they fluctuated greatly at high temperature which was mainly due to the instability factors increased.
